The excess molar volumes, V E , and viscosity deviations, ∆η, were calculated from the measured density and viscosity values over the whole miscibility composition ranges for the ternary systems water + butyl acetate + methanol and water + ethyl propionate + methanol and their constituent binaries, at 303.15 K and atmospheric pressure. A Redlich-Kister type equation was used to correlate binary V E and ∆η data, as well as the ternary data. This equation was used to calculate the above referred properties along the binodal curve.
Introduction
Rao and Rao determined the solubility curves and tieline data for liquid systems of the type water + ester + methanol 1 and water + ester + propan-1-ol 2 at 303.15 K. The aim of this research was to find a suitable solvent for the extraction of the alcohols from their aqueous solutions. Indeed, for a conventional liquid-liquid extraction (i.e. not supercritical) the right selection of the solvent is the key to a successful separation. On the other hand, the knowledge of the density and the viscosity of multicomponent systems is essential in many industrial applications.
The mixture functions, such as the excess molar volume, V E , and viscosity deviations, ∆η, are often used to describe the intermolecular forces in mixtures, helping us to understand their real behavior and develop models for its description.
The cited references have suggested to us a systematic study of densities and excess volumes, viscosities, and viscosity deviations, involving the ternary mixtures mentioned above. In a previous paper, 3 we have reported densities and V E values for the system water + propyl acetate + propan-1-ol at 303.15 K. In the present work we have determined densities, excess molar volumes, viscosities, and viscosity deviations for the ternaries water + butyl acetate + methanol and water + ethyl propionate + methanol, at the same temperature.
Experimental Section
Materials. Tridistilled water was used. Methanol was supplied by Fluka AG and Lab-Scan with a purity > 99.8 mass % (HPLC grade). Ethyl propionate was supplied by Riedel de Haen, while butyl acetate was from Aldrich, both with purity > 99 mass %. Table 1 lists the measured densities and viscosities of the alcohol and of the two esters together with the values found in the literature. Since the agreement is good, and having in mind that small concentrations of impurities have little influence on the excess molar volumes, 13 all the compounds were used without further purification. Mixtures were prepared by mass using a Mettler AT 200 balance with a precision of (10 -5 g.
Measurements.
Densities were measured in an Anton Paar DMA 60 digital vibrating tube densimeter, with a DMA 602 measuring cell. Air and tridistilled water were used for the calibration of the densimeter. Viscosities were obtained with a Haake Falling Ball Viscosimeter (Hoppler design), calibrated with tridistilled water. The electronic digital stopwatch, with the uncertainty (0.01 s, was used to measure the falling time of the ball. In all the measurements, the temperature maintenance and control were performed using the Haake D8-G thermostatic water bath, which has a temperature precision of (0.01 K. In the case of density measurements, the Pt resistance thermometer (calibrated against a precision mercury thermometer, graduated in 0.01°C, certified by NPL, U.K.) was placed inside the vibrating tube densimeter to find the actual temperature of the measurements. The temperature was maintained at (303.15 ( 0.01) K.
Uncertainties. Densities were measured to a precision of 10 -5 g cm -3 . Having in mind that the error in the excess molar volume,V E , is determined by the uncertainties in mole fraction and density, the maximum error in V E resulting from the propagation law of errors is 5 × 10 -3 cm 3 mol -1 . Using a similar methodology and taking into consideration the uncertainties in the measured time and in the density, the experimental uncertainty in the viscosity is (0.001 mPa s. 
Results and Discussion
The excess molar volumes, V E , were calculated from the equation where x i is the mole fraction of component i in the mixture, M i is its molecular weight, and F and F i are the measured densities of the mixture and the pure component, respectively.
The calculation of the dynamic viscosity is done according to the formula where t is the falling time of the ball measured with the stopwatch. K is a calibration constant, and F b and F represent the densities of the ball and the liquid, respectively.
The viscosity deviations, ∆η, were obtained using the expression where η is the measured mixture viscosity and η i represents the pure component viscosity. The viscosity measurements were made for different compositions than those for the density measurements, since they were not performed simultaneously. For that reason, the density value needed to obtain the viscosity by eq 2 was calculated with eq 1. 
Tables 2 and 3 list the measured densities, F, and the corresponding values of V E for the two ternary systems, whereas Tables 4 and 5 present the measured viscosities, η, and the corresponding ∆η values for the same ternaries. Results for the constituent binaries water (1) + methanol (3) and ester (2) + methanol (3) are also included.
In Figure 1 we have plotted the experimental V E values for the binary water (1) + methanol (3) measured by several authors together with our own, which shows a good agreement. The experimental V E values for the binaries ester (2) + methanol (3) are represented against the mole fraction of the ester in Figure 2 . As far as we know, these values have not been published before.
We have not found in the literature any binary viscosity data at 303.15 K for the system water (1) + methanol (3).
The only values available in the literature are for 298.15 K. In Figure 3 we compare our measured ∆η values at 303.15 K with the data from the literature at 298.15 K. As we can see, both sets of points show the same trend. In Figure 4 we have presented the experimental ∆η values for the binaries ester (2) + methanol (3) as a function of the mole fraction of the ester. We have not found , η/(mPa s), and in the literature any ∆η experimental values for these systems.
The V E and ∆η binary data were correlated using a Redlich-Kister type equation for the binary systems: 15 where X represents V E and ∆η.
The ternary data (V E and ∆η) were correlated by a Redlich-Kister type equation for the ternaries: 15 where X 123 represents the excess molar volume and the viscosity data for the ternary system and X ij are the values of the Redlich-Kister polynomial for the same properties, obtained by fitting eq 4 to the binary data.
Several authors have used the Cibulka's equation, 17 to describe the ternary ∆η data, where the terms have a similar meaning as in eq 5. This equation differs from the Redlich-Kister one in the form of the ternary contribution. However, both forms are equivalent, since their coefficients are related by the following expressions Thus, to be consistent, we decided to treat all the experimental data with the Redlich-Kister equation.
The standard deviation, σ, of the fittings is defined as 
where X is V E or ∆η and M and n represent the numbers of the experimental points and parameters, respectively. The optimized coefficients, A k , and the standard deviations, σ, for binary V E and ∆η data are listed in Table 6 . V 12 E and ∆η 12 are taken to be identically zero, since water and the ester are practically immiscible. The coefficients A and B i of eq 5 and the standard deviations of the corresponding fittings are given in Table 7 .
In Figures 5 and 6 are shown the isolines and the perspective views of the excess molar volumes and the viscosity deviations for the ternary systems.
Conclusions
The determined values of the excess molar volumes for the binaries and ternaries at 303.15 K and atmospheric pressure are all negative. The minimum V E value obtained from eq 5 for each ternary system is located on the V E curve of the binary water + methanol (x 1 ) 0.4980, V E ) -1.013 cm 3 mol -1 ). The ∆η values are all positive with a maximum on the binary water + methanol (x 1 ) 0.6893, ∆η ) 0.665 mPa s).
The binary V E data as well as the ternary ones were correlated using only three parameters in the RedlichKister polynomials, whereas, for the correlation of the binary ∆η data, even two coefficients were enough for a good fitting.
Since we have measured densities in the whole miscibility region including the proximity of the binodal curve, we have calculated the density values for this curve using the eqs 1, 4, and 5. The aim of this procedure was to compare our calculated densities with the experimental data of Rao and Rao. 1 We found that their data are systematically higher than our calculated values, although the mean percentage deviation is 0.5%. In our opinion, this fact is due to the high density of the water used in their experiments, which value is not mentioned in their work.
The viscosity is a very important property in the design of liquid-liquid separation equipments. Equations 3-5 can be used to calculate the viscosities of the equilibrium phases.
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